ABSTRACT A study of 759 histologically verified cancers of the nasal cavity (287 cases), paranasal sinuses (179 cases), and nasopharynx (293 cases) and 2465 cancer controls diagnosed in Denmark between 1'970 and 1982 was conducted to investigate the importance of occupational exposure to formaldehyde. Information on job history for cases and controls was derived from a national data linkage system and exposure to formaldehyde and wood dust was assessed by industrial hygienists unaware of the case-control status of the patients. The exposure rates for formaldehyde among male and female controls were 4-2% and 0 I%, respectively. After proper adjustment for contemporary wood dust exposure, relative risks of 2*3 (95% CI = 0-9-5-8) for squamous cell carcinoma and 2-2 (95% CI = 0-7-7-2) for adenocarcinoma of the nasal cavity and paranasal sinuses were detected among men who have ever been exposed to formaldehyde in their job compared with those never exposed. The introduction of a 10 year latency period did not change the risk estimates substantially. It was considered unlikely that the results were due to bias or misclassification of exposure although the effect of chance could not be excluded.
Recent case-control studies suggest that formaldehyde may be a human carcinogen in concentrations that were present in workplaces in the past. Relative risks of 1-6 and 2-5 for cancers of the nasal cavities and paranasal sinuses have been assessed in subjects who have been occupationally exposed to formaldehyde.' 2 Formaldehyde is genotoxic in several assays3 and is carcinogenic for rats and probably for mice, producing nasal tumours after inhalation.45 Even though the histological subgrouping of the experimentally induced tumours has later given rise to some criticism,6 it is generally agreed that it is the squamous cell carcinoma that predominates in these long term exposure studies. Human as well as experimental evidence, however, needs further evaluation to qualify and quantify the risk of nasal cancer in man after exposure to formaldehyde. This paper reports on a case-control study to investigate the risk of squamous cell carcinomas and adenocarcinomas of the nasal cavities developing after occupational exposure to formaldehyde and wood dust. The excess risk of developing a tumour at these sites has been reported without distinguishing Accepted 18 December 1985 between the histological subgroups.' Recently the histology of the tumour has been verified among the cases and a reanalysis performed.
Material and methods
Cases and controls were selected from the files of the Danish Cancer Registry' ' which is a computerised register based on notification forms filled out by physicians (or in case of necropsy, by pathologists) at the time of diagnosis and forwarded to the Cancer Registry.
CASES
The case group consists of all patients with cancer of the nasal cavity (ICD-7: 160-0), paranasal sinuses (ICD-7: 160-2-160-9), and nasopharynx (ICD-7: 146) diagnosed in Denmark between 1970 and 1982, a total of 839 subjects (table 1) . The original notification forms were found in the archives of the registry and examined for futher information on tumour diagnosis. Approximately 90% of the notification forms stated exactly the site and histology of the tumour. In cases where no information on histology could be obtained from the forms or where uncertainties as to the reliability of the morphology or In the calculation of the risk of cancers of the nasal cavity and paranasal sinuses associated with formaldehyde exposure, two alternative procedures for the stratification of wood dust exposure have been followed (table 2) . The first has been performed to preserve the best possible power of the study and the (13) 13 (8) 6 (3) 2 (2) Sarcoma 17 (6) 21 (13) 28 (14) 19 (20) Malignant melanoma
Other histology 23 (7) 15 (10) 6 (3) 7 (8) 310 (100) 156 (100) 199 (100) 94 (100) group.bmj.com on October 28, 2017 -Published by http://oem.bmj.com/ Downloaded from The exposure ratios for formaldehyde and wood dust among controls were found to be 4-2% and 5-8%, respectively, for men, and 011% and 0 0% for women. Table 3 shows the distribution of the 759 tumours of the nasal cavity, paranasal sinuses, and nasopharynx according to histology. Squamous cell carcinomas predominate, accounting for 72% of the cases. Some 8% are adenocarcinomas and 20% sarcomas, melanomas, and tumours of more rare histological origins.
CARCINOMAS OF THE NASAL CAVITY AND
PARANASAL SINUSES (ICD-7:160'0, 160 2-160 9) Table 4 shows the relative risk of squamous cell carcinomas of the nasal cavity and paranasal sinuses developing in men after exposure to formaldehyde or wood dust (ever versus never exposed (A), and after the introduction of a latency period of at least 10 years from first exposure till tumour diagnosis (B)). The adjusted excess risks for these tumours were 2-3 whenever exposed to formaldehyde and 13 whenever exposed to wood dust. The joint relative risk was 1 6. None of the risk estimates, however, was significantly greater than one. The introduction of a 10 year latency period did not change the risk estimates substantially.
The effect of formaldehyde and wood dust exposure on the occurrence of adenocarcinomas of the nasal cavities is examined in table 5. A significant excess risk of 16-3 was detected for wood dust exposure after proper adjustment for formaldehyde exposure was carried out (A), and a nonsignificant excess risk of 2-2 was observed for formaldehyde exposure after adjustment for the effect of wood dust exposure. Table 5 also shows the joint effect of formaldehyde and wood dust with an estimated relative risk of 39 5. In the study population not exposed to wood dust a significant excess risk was observed after exposure to formaldehyde (tables 6 and 7). Inserting a latency period of 10 years (B) did not interfere with this overall pattern for the adenocarcinomas, though the carcinogenic effect of wood dust seemed even more obvious.
In addition to the ordinary procedure of stratification an identical risk analysis has been performed based on a restricted procedure of stratification ( (1-2-45-8) restricted adjustment for wood dust exposure are given in table 7. It may be seen in the tables that risk estimates remained stable. This is also true for the risk estimates associated with wood dust exposure (not shown here). Among women the exposure rates for formaldehyde and wood dust were too low to allow for any risk estimation.
CARCINOMAS OF THE NASOPHARYNX (ICD-7:146)
Analysis for the risk of histologically specified carcinomas of the nasopharynx did not show any association with either formaldehyde or wood dust exposure.
Discussion
A previously published analysis of this case-control study showed a non-significant excess risk of 1-6 for carcinomas of the nasal cavity and paranasal sinuses among individuals with occupational exposure for formaldehyde and a significant excess risk of 2 1 for those exposed for wood dust. The results were claimed to be compatible with a weak relation between formaldehyde and sinonasal cancer in man. It was also emphasised, however, that future studies of those associations should include dose response relations, and might gain from separate examination of the different histological types of carcinoma.'
The present analysis has been undertaken after obtaining the appropriate information on the specific histological type of carcinoma among the cases. A substantial excess risk of 16 was detected for adenocarcinomas of the nasal cavities after exposure to wood dust which increased to 30 after the inclusion of a 10 year latency period (table 5) . These results confirm the observed substantial excess risk of adenocarcinomas among wood workers especially in the furniture industry, reported in earlier studies." -3 Formaldehyde and the risk of squamous cell carcinoma of the sinonasal cavities An effect of wood dust exposure on the risk of developing squamous cell carcinomas was not apparent after a proper adjustment for formaldehye exposure was carried out (table 4) .
The raised risks of 2-3 (ever versus never exposed) and 2-4 (10 or more years since first exposed) for squamous cell carcinomas associated with occupational formaldehyde exposure were based on 13 and eight cases exposed to formaldehyde of which only four and two cases, respectively, were unexposed to wood dust (table 4). These risk etimates for squamous cell carcinomas do not reach a level of significance but are remarkably near to the risk estimates found by Hayes et al for squamous cell carcinomas of the nasal cavities after occupational exposure to formaldehyde. 2 No other epidemiological study gives the risk of adenocarcinoma of the nasal cavities relative to formaldehyde exposure. In this study non-significant risks of 2-2 (ever versus never exposed) and 1 8 (10 or more years since first exposed) were detected among 17 and 12 cases exposed to formaldehyde, respectively (table 5). Owing to the strong relation between exposure to wood dust and nasal adenocarcinoma only one formaldehyde case was observed in the category unexposed to wood dust which indicates that it may be difficult to give an unbiased estimate of the independent influence of formaldehyde on the risk of developing adenocarcinoma of the nasal cavities.
To reduce the possible effect of residual confounding from wood dust in the assessment of the relative risk for formaldehyde a restricted statification procedure for the adjustment of contemporary exposure to wood dust was performed (table 2). The raised risk estimates for squamous cell carcinomas and adenocarcinomas of the nasal cavities were found to be largely unchanged, although the power of the analysis decreased and the risk estimates became even more unstable because of the small numbers. Thus we do not consider that residual confounding from wood dust exposure is an essential problem in the present study. This does not, however, exclude the possibility of misclassification of the exposure to formaldehyde and wood dust. If the exposure under consideration, in casu formaldehyde, is subject to such an unbiased misclassification it would tend to bias the RR estimate towards 1.0.14 15 In the present study this would mean that the risk estimate was an underestimate of the true relative risk. If it is the confounder, in casu wood dust, which is subject to misclassification this would tend to bias the RR estimate away from 1-0 and accordingly overestimate the true relative risk. '6 Whereas misclassification of formaldehyde cannot be entirely ruled out because of its widespread use in industry, misclassification of wood dust exposure is not likely to occur as the work of wood processing is well described. It is unlikely, therefore, that the results of the present investigation are due to misclassification of exposures.
Both cases and controls originate from a well defined population and are thus unselected. Occupational histories are obtained from nationwide registries which keep their information for different purposes, and the classification with regard to formaldehyde exposure was undertaken by industrial hygienists with no knowledge of the case-control status of the patients under study. Thus no information bias influences the results. An underestimate of the relative risks might arise if formaldehyde were associated with any of the cancers among the controls; this is unlikely to be the case.
In the present study no information on smoking habit was available. In a case-control study on cases of nasal cancer in North Carolina and Virginia an overall non-significant risk of 20% was detected in association with cigarette and pipe smoking,'7 which was most strongly related to squamous cell tumours (RR = 18 for cigarette smoking and 1-5 for pipe smoking). It was stated, however, that the associations found in the study with the occupational variables remained unaffected after controlling for the use of selected tobacco products.
In a similar study performed in the Netherlands2 a moderate rise in risk for nasal cancer associated with cigarette use was also detected, but again the adjustment for usual cigarette use did not change the overall risk for nasal cancer associated with formaldehyde exposure. Adjustment for cigarette smoking in the assessment of the risk of squamous cell carcinomas related to formaldehyde did not change the risk estimates essentially. Thus smoking does not seem to be an important confounder in the study of occupationally induced cancers of the nasal cavities and in any case cannot give rise to increased risks of 1-8 to 2-4 seen in association with formaldehyde exposure in the present study.
After the evaluation of the carcinogenicity of formaldehyde by the International Agency for Research on Cancer3 several new cohort studies'8 -22 and casecontrol studies12 13 17 expanding this subject have been published. The cohort studies are all distinguished by a lack of power to detect even moderate excess risks for nasal cancer after occupational exposure to formaldehyde. It is noteworthy, however, that none of the studies reported any deaths due to nasal cancer.23 Two of the case-control studies showed a weak statistical association between formaldehyde exposure and nasal cancer,' 2 the remaining two studies were not designed to evaluate the risk of formaldehyde and did not detect one. 3 17 No specified substance or characteristic of wood dust has been identified as a carcinogenic agent. It 774 could be argued that the dust may in fact only injure or reduce the natural renewal of the mucous membranes to an extent that facilitates the action of highly water soluble potential carcinogens in the ambient air. If this is true one might expect an effect of formaldehyde in the presence of wood dust only but this is not the case. In addition, the effect of formaldehyde seems to be in the formation of both squamous cell carcinomas and adenocarcinomas, while the effect of wood dust was detectable for adenocarcinomas only.
In conclusion, the present analysis has shown the well known effect of wood dust on the risk of developing adenocarcinomas. An independent risk of occupational formaldehyde exposure on the development of both squamous cell carcinomas and adenocarcinomas was also indicated by the present study. The risk estimates associated with formaldehyde were non-significant; however, this may reflect the lack of power due to the small number of cases exposed only to formaldehyde. An interaction of wood dust and formaldehyde seems to exist on the formation of adenocarcinomas of the nasal cavities. The target organ in experimental animals of the carcinogenic action of formaldehyde is the internal nose. These reports on animal studies taken together with the results of the present epidemiological study and a similar case-control study suggest that formaldehyde may be a human carcinogen.
